Objectives: Practitioners are continuously concerned with the differences between the normal puerperium and the uterine involution after operated deliveries. This prospective observational study pays attention to the uterine involution period after the instrumental or operative delivery and compares the results with those observed in uncomplicated labour. Methods: Over two postpartum months 66 women after normal (48) and complicated (18) labour were examined for repeated uterine parameters. The analysis was performed using SPSS version 21. Results: There was no statistically significant difference between the median uterine size parameters or the uterine artery indices after the normal delivery and instrumental/operative uterine manipulations during the involution period, except for a faster declining trend observed in anteroposterior diameter within the first month after normal labour. The diastolic notch was more frequent in early puerperium after complicated labor, but less frequent later. The diastolic notch did not appear in all the postpartum women even two months after labour. There was evidence of more frequent gas detected in the pathological rather than in the physiological group. Conclusion: Postpartum uterine involution is not impacted by instrumental or operative procedures. After complicated labour gas appearance is more common, but it does not necessarily indicate the presence of endometritis or retained placental tissues.
Introduction
Considerable scholarly attention has been drawn to the involution of the uterus in recent years. Available data suggest that more evidence could be found on the normal puerperium [1] - [8] . Other studies investigate the pathology of postpartum uterus: the determination of retained placental tissues (RPT), abnormalities of the uterus [9] [10], the impaired involution of the uterine artery flow [11] [12] [13] . Practitioners are continuously concerned with the differences between the normal puerperium and the uterine involution after complicated deliveries: operative evacuation of RPT, caesarean delivery or postpartum endometritis. The reports on these conditions are still sparse and scans are relatively old and poor quality [14] [15] [16] .
Puerperal complications are most likely to be related to puerperal infection. In all, 10.7% of pregnancy-related deaths are caused by infection, the fifth leading cause of fatal puerperal outcomes. Compared with cesarean delivery (1.7% -11%), endometritis after vaginal delivery is relatively infrequent (1% -2%) [17] .
Manual removal of the placenta increases the puerperal endometritis rate threefold. The lack of data hinders the prediction of endometritis after complicated labour or the assessment of the healing of the uterine incision after caesarean section (C/S) [17] [18] [19] [20] . There is also a small body of work describing the uterine ultrasound differences found in patients after normal or complicated labour from the earliest puerperium (within two hours after labour) until 8 weeks of postpartum period with original sonograms. Only a few studies include continuous Doppler measurements of uterine arteries during the uterine involution period, or the scope of the examination is very narrow [1] [11] [12] [13] .
The aim of this study is to compare the metrical quantitative and qualitative characteristics of the uterus in the puerperium period in women after normal vaginal deliveries (according our previous study) with those observed after pathological labour [21] . The second purpose is to draw attention to the uterus after pathological labour and to find useful guidelines facilitating the monitoring of these patients during the involution period.
Materials and Methods
A total of 66 participants were invited to participate in this study in delivery rooms, at their active stage of the first period of a singleton term (37 -42 weeks of gestation) delivery. The inclusion criteria were as follows: term pregnancy, older than 18 years of age, conscious women without any mental disorders or congenital diseases. The exclusion criteria were as follows: preterm or multiple pregnancy, stillbirth, severe postpartum bleeding (intensive care measures were used, B-Lynch suture after labour, uterine devascularisation), congenital uterine disorders, uterine fibroids or oncological diseases. The grouping was done based on the events in the study period. The women after uncomplicated delivery and puerperium comprised the physiological group while the pathological group consisted of patients with the uterine scar after previous or a current C/S, also [23] [24] . All the participants were provided with the oral and written information about the study, and all participants gave written informed consent before the study began. The endometrial stripe thickness (mm) was measured at its widest point in the longitudinal section and the endometrial contents were evaluated: hyperechoic, hypoechoic or mixed contents were assessed. The uterine angle (degree) was measured in relationship with the longitudinal axis of the body.
In the pathological group with the uterine scar, the uterine scar changes during puerperium were also observed: visualisation, localisation, the length (thickness) (mm) and the width (mm) of the scar in the longitudinal axis of the uterus.
The Color & Doppler measurements of the uterine artery (to detect Resistance Index (RI) and Pulsatility Index (PI)) were performed at the point where this artery crosses the external iliac artery (beam/flow angles were kept at 30˚) [1] . RI and PI are vascular parameters of uterine involution. The mean values of both left and right arteries were used. The presence or absence of an early bilateral protodiastolic notch was recorded, defined as a persistent decrease in the blood flow velocity in an early diastole below the diastolic peak velocity.
We also tried to find a correlation between mother's age, BMI, anemia, B group streptococcus infection, smoking, duration of labour and the mean period of membrane rupture, infant birth weight, meconium-stained amniotic fluid, placental site (anterior or posterior uterine wall) and uterine involution parame-Open Journal of Obstetrics and Gynecology ters after normal and complicated labour.
The analysis was performed using SPSS, version 21. Continuous variables were summarised using descriptive statistics, including the number of subjects, mean, standard deviation, median, confidence intervals with minimum and maximum values. Kruskal-Wallis test was used to evaluate the associations between the physiological/pathological groups of women and the uterine parameters expressed as continuous variables. Categorical variables were expressed as numbers and percentages. Chi-square test was used to examine the relationships between the physiological/pathological groups of women and other categorical variables. A p < 0.05 was regarded as statistically significant.
Results
A total of 66 women after delivery were examined from 2013 through 2016 (the mean characteristics of these women are presented in Table 1 ): 48 underwent uncomplicated vaginal delivery and none of them suffered from any complications (fever or hemorrhage) during puerperium; 18 women were diagnosed with obstetrical pathology (2 patients with the uterine scar after previous C/S), 7-after a current caesarean delivery, 6 with RPT which had to be removed manually (3 patients) and instrumentally (3 patients), 3 women suffered from postpartum endometritis (clinically and laboratory-confirmed).
A downward trend was observed in all the uterine size parameters in both groups during the involution period ( Figure 1 ) and no striking differences between these two groups were revealed (p > 0.05).
Statistically significant changes were observed in the AP measurements carried out from the first day through a month after delivery ( Table 2 ).
The measurements of the anterior and posterior uterine walls showed the same trend in both groups. No differences were detected in the anterior wall measurements, however the posterior uterine wall remained smaller at the end of puerperium in the pathological group (p = 0.030).
The uterine angle deviation, in relationship with the longitudinal axis of the body, in both groups, showed changes ranging from very retroverted to a more anteverted position (Figure 2 ). The significantly more retroverted uterus was found in the pathological group just within two hours after labour: the uterine angle was −72.50˚ ± 15.77˚ in this group and −61.50˚ ± 15.06˚ after normal delivery (p = 0.039). Later the same uterine deviation trend was observed during the entire involution period.
Special attention was given to the uterine cavity observation. The endometrial cavity was significantly wider just on the 42 nd day after complicated labour (p = 0.033), whereas other monitoring days showed no difference ( Table 3 ).
The contents of the endometrial cavity were very different in both groups (Figure 3) , however, hypoechoic (fluid) contents were likely to be more frequently seen in the middle of the involution period in the pathological group.
Within two hours after the manual or instrumental evacuation of RPT, hyperechoic foci (gas) (Figure 4 In all the 5 physiological group's cases, gas presented in the isthmic part of the uterus only within 2 hours after labour and later disappeared. On the 1 st day, the pathological group included 4 cases after C/S and 3 cases after the evacuation of RPT. On the third day, this group had only 3 cases with gas presentation which later disappeared. All the gas inserts present in the pathological group of subjects were found inside the uterine cavity. No gas was present in our observed women with endometritis.
The uterine artery flow examination and indices (RI and PI) measurements showed no significant differences between both groups. In both groups the resistance (RI) of the uterine artery was low immediately after childbirth and steadily increased till the end of the uterine involution (Figure 7(a) ). The same Physiological (N = 48) 11.0 ± 7.6 7.0 ± 4.2 12.0 ± 9.2 4.0 ± 1.7 3.0 ± 2. trend of change was seen in PI where no statistically significant differences were found (p > 0.05) (Figure 7(b) ). The observation of two groups of women revealed no notching of the uterine artery in the physiological group within two hours after labour (after normal delivery). After the instrumental evacuation of RPT, two cases of notching were diagnosed in the pathological group within two hours after delivery. No notching was detected after a current caesarean delivery, an old scar was not visible in the uterus within the first two hours after labour and no notching at all was detected in the pathological group on the 10 th day (Figure 8 ). In both groups, the (a) (b) (c) Figure 6 . Gas (arrows-foci of higher echogenicity) after normal labour (isthmic part) (a), after manual placental removal (b) and after C/S (c). 
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Discussion
The study showed no specific difference between the normal uterine size involu- tained by other authors [14] (the physiological group-92.0 mm; the pathological group-90.2 mm), however, the differences may have occurred due to the differences in the measurement time. All our patients were scanned for the first time within two hours after labour or C/S, when the uterus was well-contracted and with smaller parameters.
The fluid or mixed echogenicity is not common either after normal labour, or in the pathological group. The hyperechoic cavity is much more commonly seen in the early puerperium (1, 3 days) and at the end of this period (42, 60 days) in the physiological group. Fluid insertion prevails from the 10 th day in both groups, however, it is wider and longer seen in the pathological group. A wider cavity after complicated labour on 7, 14 postpartum days is described by other authors
Gas appearance (multiple hyperechogenic foci within the endometrium with a posterior shadow) [25] [26] , as claimed by other authors, could range from 5% after a normal delivery [1] [14] to 16% -21% after a complicated delivery [14] [25] [26] and sometimes remains till the end of puerperium. This study detected gas presentation in 10% and 39% normal and complicated delivery cases respectively. Even though our study, if compared to other studies [14] [25] [26] , shows a faster disappearance of gas presentation, the risk factor of gas appearance is the same, i.e. operative uterine manipulations (C/S or operative evacuation of RTP).
The previous studies show that gas was considered to be a specific sign of postpartum endometritis [8] [26] , whereas subsequent studies (including this study) have shown that gas may be a normal finding during the puerperium and does not necessarily indicate the presence of endometritis or RPT [1] [14] .
The most different angle is detected only on the first day postpartum. Less common anteverted uterus will be seen after complicated labour. However, the uterus is likely to be more anteverted on the first day (59.90 ± 17.11 degree) in the group after the operative RPT evacuation than in the remaining part of patients belonging to the pathological group, while the uterine angle is similar to that observed in the physiological group (61.50 ± 14.36 degree). Other authors found the same correlation on the first postpartum day [14] .
Lack of scholarly data on the correlation of the uterine artery indices (RI, PI) after normal and complicated deliveries prevents us from a more detailed discussion of our data. Taking into account that our study showed no significant difference between the physiological and pathological groups, a more useful alternative could be made to apply Doppler ultrasound not for involution monitoring but for detecting RPT. Although RPT is associated with lower resistance indices in the uterine arteries, this knowledge has a limited value as a diagnostic tool for RPT. The absence of a hyper-vascular area in the myometrium does not exclude RPT, but its presence is a common finding associated with RPT and should not be misinterpreted as an arterio-vascular malformation [9] . Even though notching of the uterine artery is one of the indices of the uterine involution changes [1] [6] [9] [14] , an absent diastolic notch cannot be a negative in-Open Journal of Obstetrics and Gynecology dicator of involution either after normal labour, or complicated labour due to the fact that a diastolic notch does not appear in all women even after two months following labour.
Scholars are still looking for the indicators defining the view of the completeness of the uterine incision healing [19] [20] [21] . Are the fluid inserts at the scar location likely to be the signs of incomplete healing? The hypoechoic view in our cesarean delivery group tended to be more frequent from the beginning till the end of involution. Thus, the hypoechoic stripe within the scar does not mean any myometrial uncontinuity. The largest changes of the scar occur within the first month after C/S. It is difficult to compare the data as other authors deal with the monitoring interval ranging from week 1 to 6 after C/S or later [19] [20] [21] . We have measured the length and the width of the scar from the early puerperium, because the niche view (recorded by other authors) in our study starts to be determined just from 30 th or 42 nd postpartum days. Other authors recommend measuring the depth of the niche and the thickness of the remaining myometrium [15] [20] [27]- [37] . For better imaging of the scar, the niche sonohysterography is recommended [30] [38]. We have found that the length and the width of the scar still change from the 6 th till the 8 th postpartum weeks due to the fact that the complete healing of the scar occurs about 6 months after C/S [39] . It is already known that late differences of the C/S scar remain depending on the number of C/S, the type of C/S (elective or urgent), the duration of labour before C/S [19] [34], postpartum anaemia, antibiotics administration [35] . The uterine scar imaging sometimes needs auxiliary methods, e.g. magnetic resonance [39] . Of course, there are some limitations of this study: too small number of women with labor complications, a lack of patients with uterine scar. The present findings of this study are only observational and too narrow to draw more comprehensive conclusions. We are planning to continue our initiated research in the future with group of patients after complicated labor.
Summary
Neither a delivery method (vaginal or caesarean) nor even the manipulation inside the uterine cavity soon after labour impacts the main parameters of the uterine size or the uterine artery indices during the involution process. Gas appearance is more commonly visible after complicated than normal deliveries which is not only a specific sign of postpartum endometritis. The uterine artery indices should not be included for uterine involution observation after complicated labour. The uterine scar after caesarean delivery needs more specific parameters for observation. Early observation of uterine scar did not provide useful information about scar healing. The scar would be better visualised and evaluated if several screening methods (ultrasound, magnetic resonance) were employed. Open Journal of Obstetrics and Gynecology 
